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(54) A diamond sintered compact and a process for the production of the same 


(57) The present invention aims at providing a ma- 
terial for a diamond sintered compact tool, which has a 
high strength and is available as a material for a cutting 
tool. 

Accordingly, the present invention is concerned with 
a diamond sintered compact comprising a WC-Co type 
cemented carbide substrate having slight undulation 


and a diamond sintered compact bonded to one surface 
of the substrate by sintering during a step of sintering at 
an ultra-high pressure and high temperature, which has 
a plate thickness is 0.5 mm to 5 mm and an outer diam- 
eter is at least 20 mm and whose diamond sintered com- 
pact layer has at least 50 % of a thickness area within 
a range of 0.05 mm to 0.4 mm and contains Co diffusing 
from the cemented carbide substrate. 
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[0015] The specified constructions of the present invention will now be summarized below: 

(1) A diamond sintered compact comprising a WC-Co type cemented carbide substrate having slight undulation 
and a diamond sintered compact bonded to one surface of the substrate by sintering during a step of sintering at 

s an ultra-high pressure and high temperature, which has a plate thickness is 0.5 mm to 5 mm, preferably 0.5 mm 

to 2 mm, and an outer diameter of at least 20 mm and whose diamond sintered compact layer has at least 50 %, 
preferably 50 % to 100 % of a thickness area within a range of 0.05 mm to 0.4 mm, preferably 0. 1 mm to 0.3 mm 
and contains Co diffusing from the cemented carbide substrate. 

(2) The diamond sintered compact as described in the above (1), wherein a difference in undulation height of an 
io interface between the cemented carbide substrate and diamond sintered compact layer is at most 0.2 mm, pref- 
erably 0.01 to 0.1 mm. 

(3) The diamond sintered compact as described in the above (1) or (2), wherein the diamond grains forming the 
said diamond sintered compact have a grain size of 0.1 urn to 60 urn, preferably 0. 1 u.m to 10 uin, and 85 volume 
% to 99 volume %, preferably 85 volume % to 92 volume % of the diamond sintered compact consists of diamond 

15 grains bonded with each other. 

(4) The diamond sintered compact as described in the above (1) or (2), wherein a shear strength at the interface 
between the said cemented carbide substrate and diamond sintered compact is at least 40 kg/mm 2 , preferably 40 
kg/mm 2 to 500 kg/mm 2 . 

(5) A process for the production of a diamond sintered compact comprising arranging only diamond powder having 
20 a grain size of 0.1 |im to 60 ujti, preferably 0.1 (am to 10 uin, on a WC-Co type cemented carbide substrate and 

sintering the diamond grains using, as a binder, Co diffusing from the cemented carbide substrate in an ultra-high 
pressure producing apparatus at an ultra -high pressure and high temperature, at which diamond is stable. 

(6) The process for the production of a diamond sintered compact, as described in the above (5), wherein the 
sintering condition is a pressure of 5.0 GPa to 6.5 GPa and a temperature of 1400 °C to 1600 °C. 

25 

[001 6] That is, the inventors have found, as a result of various studies, that it is effective in order to reduce the internal 
residual stress in a diamond sintered compact to sinter diamond grains by using, as a binder, Co diffusing from the 
cemented carbide substrate, not by arranging a ferrous metal such as Co as in a process for the production of a 
diamond sintered compact of the prior art. In a preferred embodiment of the present invention, as shown in Fig. 1 , a 
30 structural composition comprising diamond powder directly sandwiched in between cemented carbide plates is sintered 
at an ultra-high pressure. 

[0017] As shown in the above described production processes (5) and (6), only diamond powder having a grain size 
of 0. 1 u,m to 60 um, preferably 0. 1 ujt» to 1 0 ujti, is arranged on a WC-Co type cemented carbide substrate and sintered 
by exposing the diamond grains to an ultra-high pressure and high temperature, at which diamond is stable, in an ultra- 
35 high pressure producing apparatus, for example, a pressure of 5.0 GPa to 6.5 GPa and a temperature of 1400 °C to 
1600 0 C, and using, as a binder, Co diffusing from the cemented carbide substrate. In this case, if the grain size is 
smaller than 0.1 mm, there arises such a problem that the diamond grain is dissolved in Co and lost, while if larger 
than 60 (im, the strength is markedly decreased. 

[001 8] The diamond sintered compact (1 ) obtained in this way comprises a WC-Co type cemented carbide substrate 
40 having slight undulation and a diamond sintered compact bonded to one surface of the substrate by sintering during 
a step of sintering at an ultra-high pressure and at a temperature, in which a difference in undulation height of an 
interface between the cemented carbide substrate and diamond sintered compact layer is suppressed to at most 0.2 
mm, because of the reduced internal stress. Accordingly, even if the thickness of the diamond sintered compact layer 
is 0.05 mm to 0.4 mm, the most part of the sintered compact surface can be used for the tool edges. 
45 [0019] If the thickness of the sintered compact layer is less than 0.05 mm, it is too thin to obtain a sufficient tool life, 
while if more than 0.4 mm, the amount of Co is lacking to result in insufficient sintering. 

[0020] Since the real diamond sintered compact tool of the present invention exhibits a very high wear resistance 
depending on uses, the flank wear width is generally at most 0.1 mm and a thickness of a diamond sintered compact 
layer in a range of at least 0.5 mm is not required, but a thickness of a diamond sintered compact layer in a range of 

50 0.05 mm to 0.4 mm is sufficient. 

[0021] If the plate thickness is less than 0.5 mm, there arises a drawback that handling during fabrication of a tool 
is difficult and such a thickness is not suitable for a tool material because of being too thin, while if more than 5 mm, 
it is not used in ordinary tools because of being too thick. The outer diameter is adjusted to at least 20 mm, since if 
smaller than 20 mm, no merit is given with respect to the cost. 

55 [0022] When the diamond sintered compact layer has at most 50 % of a thickness area within a range of 0.05 mm 
to 0.4 mm, there arises a problem that the effect due to lowering of the internal stress is lost and the object of the 
present invention cannot be achieved. 

[0023] In the diamond sintered compact of the present invention, furthermore, the cemented carbide substrate has 


3 


EP 0 976 444 A2 


slight undulation in an interface between the cemented carbide substrate and diamond sintered compact layer and a 
difference of this undulation height in the interface between them is preferably at most 0.2 mm, because the degree 
of the difference in undulation height represents that of the residual stress and accordingly, if the difference in undulation 
height exceeds 0.2 mm, the residual stress is increased to decrease the strength. Herein, by the difference in undulation 

5 height (undulation width) is meant "h" in the cross sectional view shown in Fig. 4. 

[0024] On the other hand, the diamond sintered compact of the present invention is preferably formed of diamond 
grains having a grain size of 0.1 \xrr\ to 60 urn and 85 volume % to 99 volume % of the diamond sintered compact is 
preferably composed of the diamond grains. In this case, it is not required to use a binder for the diamond grains before 
sintering and Co diffusing from the diamond sintered compact during sintering is used as the binder phase, so that the 

10 shear strength at the interface between the diamond sintered compact and cemented carbide substrate is very high. 
[0025] The reason why the internal residual stress is reduced in the material for the diamond sintered compact 
according to the present invention can be considered as follows: Since a process for the production of the diamond 
sintered compact according to the present invention is different from the prior art processes and comprises sintering 
by the use of Co diffusing from the WC-Co type cemented carbide substrate as a binder without previously arranging 

15 a ferrous metal such as Co plate, an intermediate composition of the diamond sintered compact and cemented carbide 
is formed, during the same time, near the interface between the diamond sintered compact layer and cemented carbide 
substrate, where thermal stress is moderated during diamond sintering. 

[0026] In addition, the thickness of the diamond sintered compact layer is thin as represented by a thickness of 0.05 
mm to 0.4 mm and this area extends to 85 volume % to 99 volume %. Accordingly, the stress added by the diamond 

20 sintered compact to the cemented carbide substrate is so small that the internal residual stress is small. 

[0027] According to the above described reason, the stress is decreased, thus resulting in increase of the strength 
of the diamond sintered compact and further increase of the shear strength at the interface between the diamond 
sintered compact and cemented carbide substrate, for example, to at least 40 kg/mm 2 , because of using Co diffusing 
out of the WC-Co type cemented carbide substrate. 

25 [0028] Moreover, the thickness of the diamond sintered compact layer is so thin, for example, as represented by 
0.05 mm to 0.4 mm that during cutting edge finish-machining, an amount of scraped diamond is decreased to reduce 
the machining cost. 

[0029] The present invention will now be illustrated in detail by the following Examples without limiting the same. 
30 Example 1 

[0030] A disk made of a cemented carbide (WC-4 to 6 % Co) with a diameter of 29.5 mm and a thickness of 3 mm 
was arranged in a capsule made of Ta with an inner diameter of 30 mm. On the cemented carbide disk were charged 
diamond grains, which was then covered further with a disk made of a cemented carbide with a diameter of 29.5 mm 
35 and a thickness of 3 mm and lightly compressed at a pressure of about 100 MPa. The charged diamond grains have 
grain diameters as shown in Table 1 . The charged amount of the diamond grains was controlled so that the thickness 
of the diamond grain layer be 0.7 mm to 0.8 mm during the same time. 

[0031] When this capsule was processed at an ultra-high pressure and high temperature, for example, a pressure 
of 5.5 GPa and a temperature of 1450 °C, a diamond sintered compact with a thickness of 0.3 mm to 0.4 mm, sand- 

40 wiched in between the cemented carbide disks, was formed. In order to obtain a structure suitable for a tool material, 
the cemented carbide on one side of the sintered compact was completely removed by means of a surface-grinding 
machine and electric discharge working device. Consequently, there was obtained a material for a diamond sintered 
compact tool having a total thickness of about 3 mm and comprising a structure of a diamond sintered compact layer 
with a thickness of 0.2 to 0.25 mm bonded to a cemented carbide substrate having a maximum difference of 0.1 mm 

45 in undulation height. An area of the diamond sintered compact layer within this thickness range occupied about 80 % 
of the whole area. 

[0032] Then, from the thus obtained diamond sintered compact material was scraped off the base part of the ce- 
mented carbide to obtain a sample for measurement of the strength, consisting of simple substance of the diamond 
sintered compact. The sample for measurement of the strength was finally finish-machined in a length of 6 mm, width 

50 of 3 mm and thickness of 0.2 mm. 

[0033] For comparison, Comparative Samples with the same size were prepared using diamond sintered compacts 
(Sample Nos. A to D) according to the prior art. Using these samples, the strength (transverse rupture strength) of the 
sintered compact materials was measured by a three point bending test at a condition of 4 mm in span distance. 
[0034] Results of the strength tests carried out in this way are summarized in Table 1 , in which Grain Diameter (urn) 

55 show a minimum to maximum distribution. 
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Table 1 


10 


15 


20 


25 


30 


Sample No. 

Diamond Grain Diameter (pjn) 

Strength of Sintered Compact (kgf/mm 2 ) 

1 

0.1 -4 

200 

2 

0.1 - 10 

155 

3 

0.1 - 50 

130 

4 

0.1 -60 

110 

Prior Art 



A 

0.1 ~ 4 

185 

8 

0.1 - 10 

145 

C 

0.1 - 50 

125 

D 

0.1 -60 

100 


[0035] As is evident from Table 1 , the diamond sintered compacts of the present invention have higher strengths 
than the diamond sintered compacts of the prior art, having the same grain size. 

Example 2 

[0036] Sample No. 1 and Sample No. A of the diamond sintered compacts obtained in Example 1 were cut in objects 
with a predetermined shape and respectively brazed to tool substrates to prepare cutting tools [diamond sintered 
compact brazed to one corner of cemented carbide, in the form of a regular triangle with an inscribed circle of 9.525 
mm, insert relief angle 11° (overall periphery) and thickness 3.18 mm, and a cutting edge in R-shape of radius of 0.4 
mm]. Using the resulting cutting tool, estimation of the cutting properties was carried out under the following conditions: 

Workpiece: Round Rod of A1 - 16 weight % Si alloy 

Rotation Rate of Workpiece Surface: 600 m/min (experimental data) 

Cutting Depth: 0.5 mm (experimental data) 

Feed Rate: 0.12 mm/rev (experimental data) 

Wet Process 


35 


40 


[0037] Results of the cutting property estimation test are shown in Fig. 3. It will clearly be understood from Fig. 3 
that the tool using the diamond sintered compact material according to the present invention (Sample No. 1 ) exhibits 
an equal cutting property to the tool prepared from the diamond sintered compact of the prior art (Sample No. A). 
[0038] The diamond sintered compact according to the present invention has an excellent strength as a cutting tool 
material and is much more improved than the diamond sintered compacts of the prior art. Furthermore, the diamond 
sintered compact of the present invention can more economically be produced with respect to the cost as compared 
with the diamond sintered compacts of the prior art. 


Claims 


45 


50 


55 


A diamond sintered compact which comprises a WC-Co type cemented carbide substrate having a diamond sin- 
tered compact layer bonded to a surface thereof, there being slight undulation in the interface between the ce- 
mented carbide substrate and the diamond sintered compact layer, wherein the diamond sintered compact has a 
plate thickness of from 0.5 mm to 5 mm and an outer diameter of at least 20 mm, and wherein the diamond sintered 
compact layer has at least 50 % of a thickness area within a range of from 0.05 mm to 0.4 mm and contains Co 
which has diffused out of the cemented carbide substrate during sintering. 

A diamond sintered compact as claimed in Claim 1, wherein the difference in undulation height of the interface 
between the cemented carbide substrate and the diamond sintered compact layer is at most 0.2 mm. 

A diamond sintered compact as claimed in Claim 1 or Claim 2, wherein the diamond grains forming the diamond 
sintered compact layer have a grain size of from 0.1 to 60 ujti, and wherein preferably 85 to 99 vol. % of the 
diamond sintered compact layer consists essentially of diamond grains bonded with each other. 


4. A diamond sintered compact as claimed in any one of Claim 1 to 3, wherein the shear strength at the interface 
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between the cemented carbide substrate and the diamond sintered compact layer is at least 40 kg/mm 2 . 

5. A process for the production of a diamond sintered compact, which process comprises the steps: 

(i) placing an essentially cobalt-free diamond powder on a surface of a WC-Co type cemented carbide sub- 
strate, the diamond powder having a grain size of from 0.1 to 60 |im; and 

(ii) sintering the diamond grains, whereby cobalt diffuses out of the cemented carbide substrate and into the 
diamond powder and acts a binder for the diamond grains. 

6. A process as claimed in Claim 5, wherein the step of sintering is performed at a pressure of from 5.0 to 6.5 GPa 
and at a temperature of from 1400 to 1600 °C. 

7. A diamond sintered compact obtainable by a process as claimed in Claim 5 or Claim 6. 

8. A cutting tool, a die or a bit comprising or consisting of a diamond sintered compact as claimed in any one of 
Claims 1 to 4 and Claim 7. 
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—♦—SAMPLE 1 
—o— SAMPLE A 



CUTTING TIME (min) 


FIG. 3 
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